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Abstract:

This study aimed to evaluate the hematoprotective effects of eugenol against iron overload in
male rats. A total of 30 rats were randomly divided into six equal groups as follows: the control
negative (C-) group I.P injection distal water. The control positive (C+) group received iron dextran
(100 mg/kg-BW) I.P injection. The IE1 and IE2 groups received iron dextran 100 mg/kg-BW I.P
and eugenol (50,100 mg/kg-BW) orally, respectively, and the E3 and E4 groups received eugenol
(50,100 mg/kg-BW) orally. After 30 days of the experiment, the blood was collected to measure the
experimental parameters. The results demonstrated a significant increase in RBCs, Hb percentage,
WBCs, PCV, and PTL in the C+ group compared to the C- group. Also, there was a non-significant
difference between IE1 and C+ in RBCs and Hb. Meanwhile, PCV decreased significantly in IE1
compared with C+. Conversely, the C+ group showed decreased MCV compared with IEL.
Microscopic examination of blood smears indicated normal red blood cell morphology in the C- and
iron dextran with eugenol-treated groups, while the C+ group exhibited microcytic hypochromic
morphology. In conclusion, the ameliorative effect of eugenol against iron overload-induced
hematotoxicity is achieved by restoring the hematological parameters near the normal control.
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Introduction:
The hematopoietic system is responsible

for the persistent produces of extremely potentially harmful and causes continuous
specialized blood cells in the bodies [1]. toxicity damage to a variety of organ diseases,
Hematotoxicity is described as the retrograde such as those that affect the kidneys, heart,
sequence of a laborer on blood or blood- and liver [4, 5]. The accumulation of excess
forming organs [2, 3]. iron in the specific individuals can be linked
Iron overload refers to the accumulation of to wvarious sources, including genetic
excessive iron deposits or labile forms of iron predispositions such as hereditary hemo-
within almost every part of the body, which is chromatosis, repeated transfusions of red
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blood cells, and using iron treatment by
injections in cases of anemia that necessitate
transfusions [6]. Previous studies have
substantiated the  association  between
ferroptosis and the toxic effects of iron
overload in the Kkidney. The mechanisms
underlying ferroptosis brought on by metals
encompass mitochondrial stress, which
produces an excessive amount of superoxide
anion. This, in turn, inhibits the Nrf2-HO-
1/GPX4 antioxidant system, amplifying the
release of labile iron and consequently
fostering ferroptosis, oxidative stress, lipid
peroxidation, and ferritinophagy [7, 8-9].
Eugenol (EUG) is a phenolic chemical
compound widely used in traditional medicine
and is a versatile essential oil from various
plants, including clove extract. The impact of
its consumption on healthy individuals' liver
and Kkidney morphology and physiology
remains  uncertain, with no  clear
determination of whether it induces positive
or negative effects [10, 11]. EUG is a
critically important component in various
food products found in soybeans, clove oil,
camphorated oil, basil, nutmeg, cinnamon,
and bay leaf [12]. Eugenol (EUG) exhibits
diverse health-promoting bioactivities,
including antioxidant, anti-inflammatory,
antiseptic, and analgesic properties, making it
a potential therapeutic agent for chronic
kidney diseases [13]. Eugenol also
demonstrates protective effects on the
gastrointestinal tract  and pOSSesses
antimicrobial [14], antifungal [15], and
antiviral properties [16]. Recent studies
explain that the protective role of eugenol
safeguards against drug-induced kidney injury
[17, 18]. Moreover, eugenol's possible
modulation effect on biochemical and
histological Triggered by Silver Nanoparticles
induced nephrotoxicity [19].

Thus, our study aimed to investigate the
protective roles of Eugenol against the
hematotoxicity induced by iron overload in
male rats.

Materials and Methods:
Animal Ethical Statement:

This study was approved by the Scientific
Committee of the Faculty of Veterinary
Medicine, University of Kufa, and confirms
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to the ethical principles of care and
Laboratory animals (reference  number
UK.VET.2023/11/7.27151).

Experimental animals:

Thirty male albino rats weighing (200 —
250 g). The rats were kept in the animal house
at the Faculty of Veterinary Medicine
University of Kufa. They were placed in clean
plastic cages, with five rats per cage, and
wood was shared for bedding. The animals
were kept in a controlling room temperature
between (23 and 25 °C), with a 12-hour
light/dark cycle and pleasing environment
ventilation. The animals were maintained for
around two weeks for adaptation before the
experiment started. During the experiments,
they had unrestricted access to regular pellets
and water (ad libitum).

Experiment design:

The animals were randomly divided into
six equal groups (n=5 for each) of treatment
administrations during 30 experimental days.
Control Negative Group (C-): Five healthy
male rats were injected I.P. with distal water.
Control Positive Group(C+): Five male rats
received iron dextran (LYFEXT ®/USP/ India
BN: ML22395) 100 mg/kg-BW I.P. injection
every 72 hours. Group IE1l: Five male rats
received iron dextran 100 mg/kg-BW I.P.
injection every 72 hours and orally gavages
eugenol (Solarbio-China CN: 97-53-0) 50
mg/kg -BW per day. Group IE2: Five male
rats received an iron dextran 100 mg/kg-BW
I.P. injection every 72 hours and were given
eugenol 100 mg/kg -BW daily. Group E3:
Five male rats received orally eugenol 50
mg/kg -BW per day. Group E4: Five male
rats received 100 mg/kg -BW of eugenol
orally per day. After the end of the
experiment, the animals were prepared for
anesthetizing using intramuscular injection of
(Ketamine 80 mg/kg B.W.) combined with
(Xylazine 8 mg /kg B.W.) using a sterile
syringe [20]. Blood samples were collected

via cardiac  puncture technique  for
measurement CBC count (Hematology
Analyzer - Count Vet) using a device

(GENEX -USA)) and blood smear staining.

Statistical Analysis:
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The experimental data were statistically
analyzed using Graph Pad Prism version 7. A
one-way analysis of variance (ANOVA) was
conducted to assess the significance of
differences between groups, followed by
Tukey multiple comparisons. The data was
presented as mean * standard errors of the
mean (SEM), and statistical significance was
determined by a P value<0.05 [21].

Results:

The effects of iron dextran injection and
oral eugenol administration on
hematological parameters in male rats with
hematotoxicity caused by iron overload:

A-
1-

Complete Blood Counts (CBC)

Red Blood Cells Count
Figure (1) depicts the influence of iron
dextran injection and daily oral eugenol
administration on red blood cell (RBC) count
cell/L in male albino rats. The red blood cell
(RBC) count showed a statistically significant
increase (P > 0.05) in the C+ group compared
to the C- group. However, no significant
difference was seen between the other groups
(IE1, IE2, E3, and E4). Notably, the RBC
count showed no significant difference in the
IE2 group compared to the eugenol-treated
groups (E3 and E4), whereas it exhibited a
significant increase in the IE1 group.

Red blood cells count
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Figure 1: Effect of eugenol orally and iron dextran injection on red blood cell (RBC) count cell/L
in male albino rats. The different letters explained the significant differences among groups, while
the similar letters denote non-significant differences among groups. The error bars explain mean *
SEM for p-value at (p > 0.05); ANOVA one-way statistical analysis was used to calculate the

significance differences among groups.

2- White Blood Cells Count

Figure (2) illustrates the effects of iron
dextran injection and daily oral eugenol
administration on white blood cell (WBC)
count cell/L in male albino rats. The WBC
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count exhibited a significant increase (P >
0.05) in the C+ group compared with all
experimental groups. In contrast, the eugenol-
treated groups showed a non-significant
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difference observed (P < 0.05) with the C-

group when compared with each other.

White blood cells count
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Figure 2: Effect of eugenol orally and iron dextran injection on white blood cell (WBC) count
cell/L in male albino rats. The different letters explained the significant differences among groups,
while the similar letters denote non-significant differences among groups. The error bars explain
mean = SEM for p-value at (p > 0.05); ANOVA one-way statistical analysis was used to calculate

the significance differences among groups.

3- Hemoglobin Level Evaluation

Figure (3) depicts the influence of iron
dextran injection and daily oral eugenol
administration on Hemoglobin Level (Hb)
g/dL in male albino rats. The Hb
demonstrated a significant increase (P > 0.05)
in the C+ group compared with the C- group,
while a non-significant difference was
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observed with the other groups (IE1, IE2, E3,
and E4). Notably, the Hb showed a non-
significant difference in the IEL1 group
compared to the eugenol-treated groups (IE2,
E3, and E4). Additionally, the C- group
displayed a significantly lower Hb than all
other groups except for E3.
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Figure 3: Effect of eugenol orally and iron dextran injection on hemoglobin Level (Hb) g/dL in
male albino rats. The different letters explained the significant differences among groups, while the
similar letters denote non-significant differences among groups. The error bars explain mean *
SEM for p-value at (p > 0.05); ANOVA one-way statistical analysis was used to calculate the
significance differences among groups.

4- Packed Cell Volume percentage
Figure (4) illustrates the effect of iron
and different concentrations of eugenol on
Packed Cell Volume (PCV) percentage
after 30 days of treatment. The control
positive C+ group exhibited a significant
increase in PCV % compared to all other
groups (P > 0.05). Interestingly, among

5- Means Corpuscular Volume

Figure (5) illustrates the effect of iron
and different concentrations of eugenol on
Means Corpuscular Volume (MCV) fL
after 30 days of treatment. The control
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the eugenol-treated groups, there were
non-significant differences in PCV %
when compared to each different IE1, IE2,
and E4 groups, while E3 decreased
significantly among all eugenol groups.
Also, non-significantly were compared
with the C- group.

positive C+ group showed a significant
decrease in MCV fL compared with all
treated groups (P < 0.05). Also, non-
significant (P > 0.05) between C- group
compared with IE1, IE2, E3, and E4
groups.
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Figure 4: Effect of eugenol orally and iron dextran injection on Packed Cell VVolume percentage %
in male albino rats. The different letters explained the significant differences among groups, while
the similar letters denote non-significant differences among groups. The error bars explain mean +
SEM for p-value at (p > 0.05); ANOVA one-way statistical analysis was used to calculate the
significance differences among groups.
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Figure 5: Effect of eugenol orally and iron dextran injection on means corpuscular volume (MCV)
fL in male albino rats. The different letters explained the significant differences among groups,
while the similar letters denote non-significant differences among groups. The error bars explain
mean + SEM for p-value at (p > 0.05); ANOVA one-way statistical analysis was used to calculate
the significance differences among groups.

6- Platelet Cells Counts non-significant difference compared to IE1
Figure (6) illustrates the effect of iron and and IE2 groups which increased significantly
different concentrations of eugenol on Platelet (P < 0.05). Interestingly, the result of the IE1
Cells (PLT) cell/L after 30 days of treatment. group showed no significance compared with
The control positive C+ group exhibited a (C- and IE2). On the other hand C- group

25



Kufa Journal for Veterinary Medical Sciences Vol. (15) No. (1) 2024
showed non-significantly compared with eugenol alone (E3 and E4) groups.
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Figure (6): Effect of eugenol orally and iron dextran injection on Platelet Cells (PLT) cell/L in male
albino rats. The different letters explained the significant differences among groups, while the
similar letters denote non-significant differences among groups. The error bars explain mean +
SEM for p-value at (p > 0.05); ANOVA one-way statistical analysis was used to calculate the

significance differences among groups.

B- Blood Smear Staining Process:

The microscopic examination of the
control negative groups (C-) showed no
changes in the morphology of red blood
cells in the figures (7 A). Also, with eugenol
50, eugenol 100, iron dextran and eugenol
50, and iron dextran and eugenol 100 (E3,
E4, IE1, IE2) treated groups, showed normal

Discussion:

The present study was conducted to
investigate the protective effects of eugenol
against iron-induced hematotoxicity in male
rats to explore hematological and blood smear
parameters to assess eugenol's impact on renal
function. The results of the present study
showed that a complete blood count
examination in male albino rats subjected to
iron dextran injection and daily oral eugenol
administration revealed significant variations
in hematological parameters. The result of the
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red blood cell morphology in the figures (8
A, B, C, and D).The blood smear results in
control positive groups (C+) iron dextran
injection showed changes in reddest blood
cells' microcytic hypochromic morphology
appearance smaller and paler red blood cells
in figures 7 B).

C- group in the everyday physiological
context shows that the red blood cells (RBCs)
are in a normal range with hemoglobin (Hb)
concentration. However, in the context of the
iron overload C+ group, where there is an
excess of iron in the body, the relationship
between RBC and iron is more complex since
the iron overload leads to oxidative stress
agent damage in various tissues, including the
kidneys, these agents can involve free
superoxide radicals and hydrogen peroxide
[22, 23-24].
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Figure (7- A and B): Photomicrograph of control negative and control positive groups effect of

iron dextran injection on blood smears.

A/ Control negative group. Normal red blood cells morphology (black arrow). B/ Control positive
group iron dextran injection. Most red blood cells showed abnormal microcytic hypochromic
morphology, more minor and paler red blood cells. Note lymphoblast (yellow arrow). Wright

stain. A and B: 400x.

Elevated iron levels trigger a physiological
response  involving the  release  of
erythropoietin  (EPO) from the Kkidneys,
particularly in the kidneys, and to support the
continued production of RBCs and
hemoglobin, there can be an increase in
erythropoietin production as a compensatory
mechanism since the increase in red blood
cells (RBC) and hemoglobin (Hb) levels
during iron overload due to the role of iron in
erythropoiesis and hemoglobin synthesis [25,
26]. Iron overload may be an attempt by the
body to counteract the negative impact of
iron-induced tissue damage. EPO, a hormone,
stimulates the bone marrow to intensify the
production of red blood cells. Simultaneously,
the excess iron serves as a critical component
for hemoglobin formation, with each
hemoglobin molecule containing four iron
atoms. This abundance of iron optimizes the
efficiency of  hemoglobin  synthesis,
contributing to an elevated hemoglobin
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concentration within the red blood cells. This
process initially promotes increased RBC and
Hb levels [26]. On the other hand, the RBC
and Hb levels exhibited a significant
reduction in the iron-treated groups IE1 and
IE2 compared to the control positive C+
group, indicating a potential impact of iron
overload on erythropoiesis; interestingly, the
E4 group, receiving high-dose eugenol,
demonstrated the highest RBC and Hb levels
among all groups. Suggesting a modulatory
effect of eugenol on erythropoietin regulation,
those investigating the hematopoietic and
antioxidant effects of eugenol are essential to
understand further the potential therapeutic
implications of eugenol in iron-induced
hematological alterations [27, 28-29]. The
alterations observed in the white blood cell
(WBC) count following iron dextran injection
and daily oral eugenol administration in male
albino rats enhance immune effects and
organ-specific inflammation [30].
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Figure (8 A, B, C, and D): Photomicrograph effect of eugenol orally and iron dextran injection on

blood smears.

A/ Eugenol 50 mg/kg B.W (E3) treated group. Normal red blood cell morphology (black arrow). B/
Eugenol 100 mg/kg B.W (E4) treated group. Normal red blood cell morphology (black arrow). Note
lymphoblast (yellow arrow). C/ Iron dextran and eugenol 50 mg/kg B.W (IE1) treated group.
Normal red blood cell morphology (black arrow). Note neutrophil (yellow arrow). D/ Iron dextran
and eugenol 100 mg/kg B.W (IE2) treated group. Normal red blood cell morphology (black arrow).

Wright stain. A, B, C, and D: 400x.

In a typical inflammation, the lymphocytes,
encompassing B cells and T cells, contribute
to antibody production and the identification
and elimination of infection-causing cells,
showing the pivotal role of WBCs in immune
responses against inflammation [31]. In
response to infections or inflammatory
conditions, the body releases WBCs to
decrease harmful. [32, 13]. The current results
indicate that the white blood cell (WBC)
count increased in the C+ group compared to
the IE1 and C-groups due to iron overload,
which led to extra-medullary hematopoiesis
[33]. Iron overload triggers the production of
reactive oxygen species (ROS). Unregulated
buildup of excessive iron can result in
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oxidative stress, damaging cellular
components [34]. The mechanism by which
iron overload affects WBCs involves a
cascade of events instigated by the iron's
engagement in the Fenton reaction, generating
ROS and free radicals. Particularly in its Fe2+
state, excessive iron promotes redox cycling,
catalyzing the production of hydroxyl radicals
upon interaction with molecular oxygen.
These highly reactive radicals, in turn, invade
cell membranes, causing DNA damage [35].
Interestingly, the IE2 group exhibited a
significant increase in WBC count compared
to the 1E1, E3, and E4 group’s findings
suggest that iron dextran injection and
eugenol administration exert influences on
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WBC count, indicating potential
repercussions for immune response and
overall health in the experimental rat model.
This results in the effects of eugenol on the
reduction of WBC compared with the control
group, depending on the doses of eugenol,
which has anti-inflammatory effects by
modulating  cytokine  production  and
inhibiting inflammatory pathways [17]. The
observed variations in WBC count are
attributed to possible immunosuppressive
effects, anti-inflammation effects of eugenol
inhibition of the WBC, oxidative stress,
impacts on hematopoiesis, and the intricate

interplay of responses induced by iron
overload [36, 13].
The alteration of packed cell volume

(PCV %) in male albino rats following a 30-
day treatment with iron dextran and various
doses of eugenol shows diverse patterns. The
C+ group showed a substantial rise in PCV %
compared to the other groups, suggesting that
the injection of iron dextran resulted in a large
increase in PCV [37]. This result is consistent
with the established function of iron in
hematopoiesis, where elevated iron levels can
promote the synthesis of red blood cells and
impact PCV. Notably, there were no
statistically significant variations in PCV%
among the eugenol-treated groups (IE1, IE2,
E3, and E4) compared to the C-group. This
indicates that oral eugenol concentrations of
varying strengths reduced PCV% to the range
observed in the control group [38]. Eugenol,
recognized for its anti-inflammatory effects,
has impacted PCV by reducing inflammation
and oxidative stress, leading to a reduction
observed in the E3 group [39].

The observed impact on Mean Corpuscular
Volume (MCYV) fL indicates that iron dextran
injection strongly influences MCV, leading to
a notable decrease caused by iron overload, a
major component affecting changes in RBC
properties [40, 41]. Excess iron levels in the
body, associated with oxidative stress and
disruption of erythropoiesis, contribute to the
observed alteration in mean corpuscular
volume [42]. On the other hand, the
no significant differences between the control
negative group (C-) and the groups treated
with eugenol (IE1, IE2, E3, and E4) indicates
that eugenol, whether supplied alone or in
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administration with iron dextran, does not
have a significant impact on MCV compared
to the control groups [43]. This leads to the
potential protective effect of eugenol, which
can be cause attributed to its antioxidant
properties [43], mitigating the oxidative stress
induced by iron overload [44]. The observed
changes in MCV since the intricate interplay
between iron status, oxidative stress, and
erythropoietic processes in RBC development
[45] .

The Platelet cell count (PLT) findings suggest
that iron dextran injection significantly
impacts Platelet Cell count, which increased
significantly. Furthermore, iron overload
affects platelet function due to its role in
hematopoiesis. Studies have proved that iron
overload through the increased levels of ROS
increases platelets, which play a crucial role
in  platelet receptor activation  [46].
Additionally, it impacts platelet function by
affecting other organs, such as the liver and
kidney, in which iron is involved in multiple
intracellular and extracellular processes,
influencing the course of clonal myeloid
disorders of PLT formation [47]. The result
showed that eugenol caused a decrease in the
platelet to average level compared to control
in all groups (E1, IE2, E3, and E4) due to the
antioxidant effects of the eugenol as described
previously [32,13].

The observed effect of iron overload and
eugenol on blood film smear morphology
involves processes associated with
erythropoiesis, iron  homeostasis, and
oxidative stress. Blood smear in the control
negative (C-) group showed the appearance of
typical normal RBCs in the shape, size, and
stain compared with the control positive (C+)
group iron overload, induced by iron dextran
injection, demonstrated significant changes in
RBC  morphology,  disrupts  normal
hemoglobin  synthesis and  erythrocyte
maturation, leading to the production of
microcytic and hypochromic red blood cells
(RBCs) and characterized smaller, paler
RBCs. The excess iron precipitates leading to
increased oxidative stress in RBCs and
deformability of RBC membrane, reactive
oxygen species (ROS) that cause damage to
cellular components have been demonstrated
in previous reports [48,49]. Groups treated
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with eugenol at different doses (IE1, IE2, E3,
and E4) and combined with iron dextran
injection exhibit normal RBC morphology.
Eugenol, recognized for its antioxidant
properties, intervenes in this process by
scavenging free radicals and mitigating
oxidative damage through counteracting
oxidative stress [50].  Eugenol protects
against the adverse effects of iron overload,
preserving the typical morphology of RBCs in
the blood smear [36]. This suggests a
multifaceted mechanism involving
modulation of iron metabolism, amelioration
of oxidative stress, and preservation of
erythropoietic integrity, which is the potential
of eugenol as a therapeutic agent against iron-
induced hematological changes in blood
smear morphology [29].

Conclusions:

In conclusion, eugenol's ameliorative effect
against iron overload-induced hematotoxicity
is manifested by restoring the hematological
parameters and blood smear section near the
standard control.
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